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(54) Road vehicle with hybrid propulsion

(57)  Road vehicle (1) with hybrid propulsion includ-
ing: at least one couple of driving wheels (3); a thermal
internal combustion engine (5); a double clutch gearbox
(10) provided with two primary shafts (15, 16), two clutch-
es (17, 18) interposed between the thermal internal com-
bustion engine (5) and the primary shafts (15, 16), at
least a secondary shaft (19, 20) constantly meshing with
the driving wheels (3), and a plurality of couples of gears
(21), each of them defining a respective speed and com-

prising a primary gear mounted to a primary shaft (15,
16) and a secondary gear which is mounted to the sec-
ondary shaft (19, 20) and constantly meshes with the
primary gear; afirst reversible electric machine (8) having
a shaft (23), which is connected to a first primary shaft
(15) of the gearbox (10); and a second reversible electric
machine (27) having a shaft (29), which is mechanically
connected to a second primary shaft (16) of the gearbox
(10) different from the first primary shaft (15).
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Description

TECHNICAL FIELD

[0001] The present invention relates to a road vehicle
with hybrid propulsion.

PRIOR ART

[0002] A hybrid vehicle comprises an internal combus-
tion engine, which transmits the couple to the driving
wheels by means of a transmission provided with a gear-
box, and at least one electric machine which is electrically
connected to an electric storage system and mechani-
cally connected to the driving wheels.

[0003] The following is possible while traveling: either
a thermal working mode, in which the torque is generated
only by the combustion engine and the electric machine
possibly acts as a generator for recharging the electric
storage system; or an electric working mode, in which
the internal combustion engine is off and the torque is
generated only by the electric machine working as a mo-
tor; or by a combined working mode, in which the torque
is generated both by the combustion engine and by the
electric machine working as a motor. Furthermore, in or-
der to increase the overall energy efficiency during all
deceleration steps, the electric machine may be used as
a generator for carrying out a regenerative deceleration
in which the kinetic energy possessed by the vehicle is
partially converted into electric energy, which is stored
in the electric storage system, instead of being fully dis-
sipated in frictions.

[0004] The arrangement of the electric machine within
the vehicle and thus the mechanical connection of the
electric machine to the driving wheels may be very com-
plexin an existing vehicle, as in an existing vehicle which
was not specifically designed for hybrid traction, finding
the space required for accommodating the electric ma-
chine is generally very difficult. Therefore, modifying an
existing vehicle to make the vehicle itself hybrid is often
impossible; such a limitation is particularly serious, be-
cause it does not allow to produce a hybrid vehicle from
an existing vehicle of conventional type, but requires a
completely new design of the hybrid vehicle. Therefore,
the design and development costs of a hybrid vehicle are
very high, thus making the hybrid vehicle marketing not
so profitable.

[0005] US2005139035A1, US2002033059A1, US-
2008142283A1, DE102005004207A1 and DE102006-
059664A1 describe a double clutch transmission for a
hybrid vehicle, wherein one of the two primary shafts of
the double clutch transmission is angularly integral with
the rotor of a reversible electric machine.

[0006] EP1097831A2 describes a road vehicle with
hybrid propulsion including: a couple of driving wheels;
a thermal internal combustion engine; a gearbox provid-
ed with a primary shaft, a first clutch interposed between
the thermal internal combustion engine and the primary
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shaft, a secondary shaft constantly meshing with the driv-
ing wheels, and a plurality of couples of gears, each of
which defines a respective speed and comprises a pri-
mary gear mounted to a primary shaft and a secondary
gear which is mounted to the secondary shaft and con-
stantly meshes with the primary gear; areversible electric
machine having a shaft, which is connected to the primary
shaft of the gearbox; and an auxiliary mechanism pro-
vided with a rotatably mounted shaft which takes the
movement from the primary shaft.

DESCRIPTION OF THE INVENTION

[0007] Itisthe objectof the presentinvention to provide
a road vehicle with hybrid propulsion, which is free from
the above-described drawbacks while being easy and
cost-effective to be manufactured.

[0008] According to the present invention a road vehi-
cle with hybrid propulsion is provided as claimed in the
appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The present invention will now be described
with reference to the accompanying drawings, which il-
lustrate a non-limitative embodiment thereof, in which:

- figure 1is a diagrammatic view of a road vehicle with
hybrid propulsion;

- figure 2is a diagrammatic view of a hybrid propulsion
system of the road vehicle in figure 1;

- figure 3 is a diagrammatic view of the hybrid propul-
sion systemin figure 2 in which the route of the torque
supplied by the thermal internal combustion engine
and by the electric machine when an odd gear is
engaged is highlighted;

- figure 4 is a diagrammatic view of the hybrid propul-
sion systemin figure 2 in which the route of the torque
supplied by the thermal internal combustion engine
and by the electric machine when an even gear is
engaged is highlighted;

- figure 5 is a diagrammatic view of the hybrid propul-
sion systemin figure 2 in which the route of the torque
supplied by the electric machine working as a vehicle
traction motor is highlighted;

- figure 6 is a diagrammatic view of the hybrid propul-
sion systemin figure 2 in which the route of the torque
supplied by the electric machine working as a motor
for starting the thermal internal combustion engine
is highlighted;

- figure 7 is a diagrammatic view of the hybrid propul-
sion system in figure 2 in which the route of the brak-
ing torque absorbed by the electric machine during
a regenerative braking is highlighted;

- figure 8 is a diagrammatic view of the hybrid propul-
sion systemin figure 2 in which the route of the torque
supplied by the thermal internal combustion engine
when the road vehicle is stationary and the gearbox
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is in neutral is highlighted;

- figure 9is a diagrammatic view of a different embod-
iment made in accordance with the presentinvention
of the hybrid propulsion system in figure 2; and

- figure 10 is a diagrammatic view of a variant of the
hybrid propulsion system in figure 9.

PREFERRED EMBODIMENTS OF THE INVENTION

[0010] In figure 1, numeral 1 indicates as a whole a
road vehicle with hybrid propulsion provided with two
front wheels 2 and two rear driving wheels 3, which re-
ceive the torque from a hybrid propulsion system 4.
[0011] The hybrid propulsion system 4 comprises a
thermal internal combustion engine 5, which is arranged
in a front position and is provided with a drive shaft 6, a
servo-controlled transmission 7, which transmits the
torque generated by the internal combustion engine 5 to
the rear driving wheels 3, and a reversible electric ma-
chine 8 (i.e. which may work either as an electric motor,
by absorbing electricity and generating a mechanical
torque, and as an electric generator, by absorbing me-
chanical energy and generating electricity) which is me-
chanically connected to the servo-controlled transmis-
sion 7.

[0012] The servo-controlled transmission 7 comprises
a propeller shaft 9 which is angularly integral with the
drive shaft 6 at one end, and is mechanically connected
to a double clutch, servo-controlled gearbox 10 at the
other end, which gearbox is arranged in a rear position
and transmits the movement to the rear driving wheels
3 by means of two axles shafts 12, which receive the
movement from a differential 11. The reversible electric
machine 8 is mechanically connected to the double clutch
gearbox 10, as will be described in greater detail below,
and is driven by an electronic power converter 13 con-
nected to an electric storage system 14, typically con-
sisting of a pack of chemical batteries possibly connected
in parallel to one or more super-capacitors.

[0013] Asshowninfigure 2, the double clutch gearbox
10 comprises two mutually coaxial, independent primary
shafts 15 and 16, inserted within each other, and two
coaxial clutches 17 and 18 arranged in series, each of
which is adapted to connect a respective primary shaft
15 or 16 to the transmission shaft 9 (and thus to the drive
shaft 6 of the thermal internal combustion engine 5). Fur-
thermore, the double clutch gearbox 10 comprises two
secondary shafts 19 and 20, which are both angularly
integral with the inlet of differential 11 which transmits
the movement to the rear driving wheels 3.

[0014] The double clutch gearbox 10 shown in figure
2 has seven forward gears indicated by Roman numerals
(first gear |, second gear I, third gear lll, fourth gear 1V,
fifth gear V, sixth gear VI and seventh gear VII) and one
reverse gear (indicated by the letters Rw). The primary
shafts 15 and 16 are mechanically coupled to the sec-
ondary shafts 19 and 20 by means of a plurality of couples
of gears 21, each of which defines a respective speed,
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and comprises a primary gear mounted to a primary shaft
15 or 16, and a secondary gear which is mounted to a
secondary shaft 19 or 20 and constantly meshes the pri-
mary gear. In order to allow the correct operation of the
double clutch gearbox 10, all the odd gears (first gear |,
third gear lll, fifth gear V, seventh gear VII) are coupled
to the same primary shaft 15, while all the even gears
(second gear I, fourth gear IV, and sixth gear VI) are
coupled to the other primary shaft 16.

[0015] Each primary gear 8 is keyed onto a respective
primary shaft 15 or 16 to rotate, again integrally, with the
primary shaft 15 or 16 itself, and constantly meshes with
the respective secondary gear; instead, each secondary
gear is idly mounted to the respective secondary shaft
19 or 20. For each couple 21 of gears, the double clutch
gearbox 10 comprises a corresponding synchronizer 22,
which is mounted coaxially to the corresponding second-
ary shaft 19 or 20 and is adapted to be actuated for en-
gaging the respective secondary gear of the secondary
shaft 19 or 20 (i.e. for making the respective gear angu-
larly integral with the secondary shaft 19 or 20).

[0016] The electric machine 8 has a shaft 23, which is
constantly connected to the primary shaft 15. Further-
more, the shaft 23 of the electric machine 8 is constantly
connected to the rotatably mounted shafts 24 of a series
of fluido-dynamic rotary machines 25, which supply aux-
iliary services to the road vehicle 1; therefore, the shafts
24 of the fluido-dynamic machines 25 again rotate syn-
chronously with the shaft 23 of the reversible electric ma-
chines 8.

[0017] According to the embodiment shown in figure
2, the fluido-dynamic machines 25 (pneumatic, hydraulic
or oil hydraulic machines) of the auxiliary services and
angularly integral with the shaft 23 of the electric machine
8 are a pump 25a of an oil hydraulic circuit of a hydrau-
lically-assisted steering circuit (i.e. of the power steering),
a compressor 25b of the climate control system, a pump
25c of a cooling circuit, and a pump 25d of an oil hydraulic
service circuit. Pump 25a of the oil hydraulic circuit of the
hydraulically-assisted steering system is operated to
pressurize the oil hydraulic circuit of the hydraulically-
assisted steering, compressor 25b of the climate control
system is used to cool and dehumidify the air which is
introduced into the passenger compartment (in particu-
lar, by compressing a cooling fluid which is then expand-
ed to subtract heat from the air which is introduced into
the passenger compartment), the cooling circuit pump
25c is operated to make a cooling fluid (typically water)
circulate through the thermal internal combustion engine
5 and through the radiators, and pump 25d of the oil hy-
draulic service circuit is operated to pressurize the olil
hydraulic service circuit, which is used by the oil hydraulic
actuators of the road vehicle 1 (the oil hydraulic actuators
of the double clutch gearbox 10, possible oil hydraulic
actuators coupled to the suspensions to adjust the stand-
ing height of the road vehicle 1, possible oil hydraulic
actuators of a sunroof of the road vehicle 1).

[0018] According to a preferred embodiment, starting
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from the existing double clutch gearbox 10 not initially
designed for hybrid traction, the primary shaft 15 is elon-
gated from the opposite side with respect to the clutches
17 and 18 so as to protrude from a gearbox casing 26;
therefore, outside the gearbox casing 26, the primary
shaft 15 is made angularly integral (e.g. by means of a
butt-coupling) to the shaft 23 of the electric machine 8.
The shafts 24 of the fluido-dynamic machines 25 of the
auxiliary services are made angularly integral with the
shaft 23 of the electric machine 8 by means of belt or
chain transmissions.

[0019] Figure 3 shows a diagrammatic view of the hy-
brid propulsion system 4 highlighting the route of the
torque T, supplied by the thermal internal combustion
engine 5 and, if present, the route of the torque T, sup-
plied by the electric machine 8 when an odd gear is en-
gaged in the double clutch gearbox 10 (in particular, the
first gear 1, as shown in figure 3). In this condition, the
thermal internal combustion engine 5 is connected to the
primary shaft 15 by means of the clutch 17 which is closed
(while clutch 18 is open); the thermal internal combustion
engine 5 and the electric machine 8 are both connected
to the primary shaft 15 which transmits the movement to
the secondary shaft 19 by means of the couple of gears
21 ofthe currently engaged odd gear (i.e. the correspond-
ing secondary gear is made integral with the secondary
shaft 19 by means of the synchronizer 22 thereof).
[0020] Figure 4 shows a diagrammatic view of the hy-
brid propulsion system 4 highlighting the route of the
torque T, supplied by the thermal internal combustion
engine 5 and, if present, the route of the torque T, sup-
plied by the electric machine 8 when an even gear is
engaged in the double clutch gearbox 10 (in particular,
the second gear 2 as shown in figure 4). In this condition,
the thermal internal combustion engine 5 is connected
to the primary shaft 16 by means of the clutch 18 which
is closed (while clutch 17 is open) and the primary shaft
16 transmits the movement to the secondary shaft 20 by
means of the couple of gears 21 of the currently engaged
even gear (i.e. the corresponding secondary gear is
made integral with the secondary shaft 20 by means of
the synchronizer 22 thereof). Instead, the electric ma-
chine 8 is connected to the primary shaft 15, which trans-
mits the movement to the secondary shaft 19 by means
of the couple of gears 21 of a currently engaged odd gear
(i.e. the corresponding secondary gear is made integral
with the secondary shaft 19 by means of the synchronizer
22 thereof). In other words, in this circumstance, both an
even gear for connecting the thermal internal combustion
engine 5 to the rear driving wheels, and an odd gear for
connecting the electric machine 8 to the rear driving
wheels 3 are engaged. The odd gear which is engaged
is also chosen according to the current rotation speed of
the secondary shaft 19 (which depends on the rotation
speed of the rear driving wheels 3), so as to maintain the
rotation speed of the electric machine 8 in an optimal
range; typically, the higher the current rotation speed of
the secondary shaft 19 (i.e. the higher the speed of the
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road vehicle 1), the higher the order of the odd gear which
is engaged.

[0021] As shown in figures 3 and 4, both the thermal
internal combustion engine and the electric machine 8
supply a positive torque T, and T; in other circumstanc-
es, the electric machine 8 could absorb a resistant torque
Te, which is used to generate electricity (typically when
the battery 14 needs to be recharged), or the thermal
internal combustion engine 5 could absorb a resistant
sustaining torque T, (typically when the thermal internal
combustion engine 5 works in cut-off).

[0022] Figure 5 shows a diagrammatic view of the hy-
brid propulsion system 4 highlighting the route of the
torque T, supplied by the electric machine 8 in electric
traction only. In this circumstance, the thermal internal
combustion engine 5 is off and disconnected from the
primary shafts 15 and 16 and only the electric machine
8 is connected to the rear driving wheels 3 by engaging
an odd gear; in other words, the electric machine 8 is
connected to the primary shaft 15 which transmits the
movement to the secondary shaft 19 by means of the
couple of gears 21 of the currently engaged odd gear
(i.e. the corresponding secondary gear is made integral
with the secondary shaft 19 by means of the synchronizer
22 thereof). Alsoin this circumstance, the odd gear which
is engaged is chosen according to the current rotation
speed of the secondary shaft 19 (which depends on the
rotation speed of the rear driving wheels 3), so as to main-
tain the rotation speed of the electric machine 8 in an
optimal range; if required, the odd gear engaged could
be varied to maintain the rotation speed of the electric
machine 8 in an optimal range. In the above-described
case of electric traction only, both clutches 17 and 18
could be closed or clutch 18 could be closed when the
primary shaft 16 is idle (i.e. mechanically isolated from
the secondary shafts 19 and 20) to reduce friction losses
which occur in clutch 18 if the clutch 18 itself is in an oil
bath.

[0023] Figure 6 diagrammatically shows a hybrid pro-
pulsion system 4 highlighting the route of the torque T,
supplied by the electric machine 8 working as a motor
for starting the thermal internal combustion engine 5. In
this circumstance, all gears of the double clutch gearbox
10 are disengaged and the clutch 17 is closed (while
clutch 18 is open) to connect the electric machine 8 to
the thermal internal combustion engine 5 without trans-
mitting any movement to the rear driving wheels 3. The
above-described method of starting the thermal internal
combustion engine 5 is used when the thermal internal
combustion engine 5 needs to be started while maintain-
ing the road vehicle 1 stationary; if instead the thermal
internal combustion engine 5 is started while the road
vehicle 1is moving (e.g. while starting up at a traffic light),
the road vehicle 1 may travel by a merely electric traction
as described above with reference to figure 5, and then
the drive shaft 6 of the thermal internal combustion en-
gine 5 may be connected to the electric machine 8 and
to the rear driving wheels 3 (as previously described with
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reference to figure 2 or 3), so as to make the drive shaft
6 rotate thus determining the start-up of the thermal in-
ternal combustion engine 5.

[0024] Figure 7 shows a diagrammatic view of the hy-
brid propulsion system 4 highlighting the route of the
braking torque T, absorbed by the electric machine 8
working as a generator during a regenerative braking. In
this circumstance, the electric machine 8 is connected
to the rear driving wheels 3 by engaging an odd gear; in
other words, the electric machine 8 is connected to the
primary shaft 15 which receives the movement from the
secondary shaft 19 by means of the couple of gears 21
of the currently engaged odd gear (i.e. the corresponding
secondary gear is made integral with the secondary shaft
19 by means of the synchronizer 22 thereof). In this cir-
cumstance, if the thermal internal combustion engine 5
is off, then both clutches 17 and 18 are open, while if the
thermal internal combustion engine 5 is on, then one of
the two clutches 17 and 18 is closed to transmit aresistant
sustaining torque T; to the thermal internal combustion
engine 5 (as described in detail above with regards to
figures 3 and 4).

[0025] Figure 8 shows a diagrammatic view of the hy-
brid propulsion system 4 highlighting the route of the
torque T, supplied by the thermal internal combustion
engine 5 when the road vehicle 1 is stationary and the
gearbox 10 is in neutral. In this circumstance, all gears
of the double clutch gearbox 10 are disengaged and the
clutch 17 is closed (while clutch 18 is open) to connect
the electric machine 8 to the thermal internal combustion
engine 5 without transmitting any movement to the rear
driving wheels 3.

[0026] In the above-described operating modes, the
fluido-dynamic machines 25 of the auxiliary services are
normally dragged by the electric machine 8 working as
a motor; when the electric machine 8 works as a gener-
ator, the fluido-dynamic machines 25 of the auxiliary
services and the electric machine 8 are dragged either
by the thermal internal combustion engine 5 or by the
rear driving wheels 3, thus exploiting the kinetic energy
oftheroad vehicle 1. In particular, during the regenerative
braking shown in figure 7, the braking torque applied to
the rear driving wheels 3 is given by the sum of the torque
absorbed by the fluido-dynamic machines 25 of the aux-
iliary services for theirworking and of the torque absorbed
by the electric machine 8 working as a generator. In order
to maximize the braking torque applied to the rear driving
wheels 3 (obviously according to the driver’s wishes ex-
pressed by pressing the braking pedal of the braking sys-
tem), during the regenerative braking, the fluido-dynamic
machines 25 of the auxiliary services are driven to max-
imize, compatibly with the surrounding conditions, the
torque absorbed for their working; during the regenera-
tive braking, for example, the pump 25a of the oil hydrau-
lic circuit of the hydraulically-assisted steering circuit is
driven to increase (if possible) the oil pressure in a cor-
responding hydraulic storage, the pump 25d of the oil
hydraulic service circuit is driven to increase (if possible)
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the oil pressure in a corresponding hydraulic storage,
and if appropriate according to the external climatic con-
ditions, the compressor 25b of the climate control system
is driven to decrease (if possible) the temperature of a
refrigerating fluid.

[0027] In other words, within the possible limits, the
fluido-dynamic machines 25 of the auxiliary services are
operated at best during the regenerative braking and are
turned off during the other working modes; thereby, dur-
ing the regenerative braking, the braking torque is always
absorbed by the fluido-dynamic machines 25 of the aux-
iliary services which are operated at best (again within
the possible limits) and, if required, it is also absorbed
by the electric machine 8 which is run as a generator.
Therefore, the braking torque required during the regen-
erative braking is firstly absorbed by the fluido-dynamic
machines 25, and only when the capacity of the fluido-
dynamic machines 25 has been saturated, it is also ab-
sorbed by the electric machine 8, which is run as a gen-
erator. Such an operative mode is particularly efficient
because the kinetic energy of the road vehicle 1 is directly
used by the fluido-dynamic machines 25 of the auxiliary
services instead of being firstly converted into electricity
and then converted back into mechanical energy; exploit-
ing the mechanical energy without passing through the
two-fold electric conversion has a much higher energy
efficiency.

[0028] According to the embodiment shown in the ac-
companying figures, the shaft 23 of the electric machine
8 is constantly connected to the primary shaft 15 of the
gearbox 10 and is never separated from the primary shaft
15 itself; according to a different embodiment (not
shown), a clutch which is normally always closed and is
opened only for safety reasons when the rotation of the
electric machine 8 is to be stopped to suppress the elec-
tricity at the ends of the terminals of the electric machine
8 itself, is interposed between the shaft 23 of the electric
machine 8 and the primary shaft 15 of the gearbox 10.
In other words, when the rotor of the electric machine 8
has permanent magnets and is rotated, it determines the
generation of an electric voltage at the ends of the stator
terminals; in some circumstances (typically during re-
pairs or servicing at the garage), such an electrical volt-
age could be dangerous and therefore to avoid the gen-
eration of such a voltage, the shaft 23 of the electric ma-
chine 8 is to be physically separated from the primary
shaft 15 of the gearbox 10 by means of the corresponding
clutch. The clutch interposed between the shaft 23 of the
electricmachine 8 and the primary shaft 15 of the gearbox
10 may be arranged either downstream or upstream of
the movement take-offs towards the shafts 24 of the flu-
ido-dynamic machines 25; in other words, opening such
a clutch may determine the disconnection of the shafts
24 of the fluid-dynamic machines 25 from the shaft 23 of
the electric machine 8, thus leaving the shafts 24 con-
nected to the primary shaft 15 of the gearbox 10, or it
may determine the disconnection of the shafts 24 of the
fluido-dynamic machines 25 to the primary shaft 15 of
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the gearbox 10 thus leaving the shafts 24 connected to
the shaft 23 of the electric machine 8.

[0029] In the different embodiment shown in figure 9
which forms part of the present invention, the hybrid pro-
pulsion system 4 comprises a further reversible electric
machine 27 (i.e. which may work both as an electric motor
by absorbing electricity and generating a mechanical
torque, and as an electric generator by absorbing me-
chanical energy and generating electricity) which is me-
chanically connected to the servo-controlled transmis-
sion 7. The reversible electric machine 27 is also me-
chanically connected to the double clutch gearbox 10
and is driven by an electronic power converter 28 con-
nected to the electric storage system 14; in particular,
the electric machine 27 has a shaft 29, which is mechan-
ically connected to the primary shaft 16 by means of a
mechanical transmission 30 (consisting of a gear cas-
cade, for example).

[0030] The electric machine 27 may be used either as
a motor or as a generator.

[0031] The electric machine 27 may be used as a gen-
erator by absorbing mechanical power from the thermal
engine 5 by means of the clutch 18 which should neces-
sarily be closed; in this case, all the mechanical power
generated by the thermal engine 5 is absorbed by the
electric machine 27, or part of the mechanical power gen-
erated by the thermal engine 5 is also transferred to the
rear driving wheels 3 either by means of an even gear
associated with the primary shaft 16 or by means of an
odd gear associated with the primary shaft 15 (in the
latter case all even gears associated with the primary
shaft 16 should be necessarily disengaged, the clutch 18
should be necessarily closed, and an odd gear associ-
ated with the primary shaft 15 should be necessarily en-
gaged).

[0032] A hybrid working mode of the "serial" type oc-
curs when the thermal engine 5 only rotates the electric
machine 27 working as a generator, while the torque
transferred to the rear driving wheels 3 is only generated
by the electric machine 8 working as a motor, which is
directly electrically powered by the electric machine 27
working as a generator. The hybrid operation of the "se-
rial" type may also be obtained by reversing the operating
mode of the two electric machines 8 and 27, and obvi-
ously by reversing also the operations of opening/closing
the two clutches 17 and 18; in other words, the thermal
engine 5 rotates only the electric machine working as a
generator, while the torque transmitted to the rear driving
wheelsis only generated by the electric machine 27 work-
ing as a motor which is directly electrically powered by
the electric machine 8 working as a generator.

[0033] Alternatively, the electric machine 27 may be
used as a generator by absorbing mechanical power from
the rear driving wheels 3 (thus providing a regenerative
braking); in this case, an even gear associated with the
primary shaft 16 should be necessarily engaged, while
the clutch 18 may be either open or closed. In this case,
both electric machines 8 and 27 may work as a generator
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by absorbing mechanical power from the rear driving
wheels 3 (thus providing a regenerative braking): the
electric machine 8 absorbs mechanical power from the
rear driving wheels 3 by means of an odd gear associated
with the primary shaft 15, while the electric machine 27
absorbs mechanical power from the rear driving wheels
3 by means of an even gear associated with the primary
shaft 16.

[0034] The electricmachine 27 may be used as a motor
by supplying torque to the thermal engine 5 (obviously
only for starting the thermal engine 5 itself); in this case,
the clutch 18 should be necessarily closed and preferably
all even gears associated with the primary shaft 16 are
disengaged. Alternatively, the electric machine 27 may
be used as a motor by supplying a torque to the rear
driving wheels 3; in this case, the clutch 18 may be either
open or closed and one of the even gears associated
with the primary shaft 16 should be necessarily engaged.
[0035] According to the variant shown in figure 10, the
shaft 29 of the electric machine 27 is mechanically con-
nected both to the primary shaft 16 by means of the me-
chanical transmission 30, and to the shafts 24 of the ro-
tary fluido-dynamic machines 25 which supply the aux-
iliary services by means of a mechanical transmission
31 (e.g. consisting of a gear cascade or a belt). The me-
chanical transmission 31 must compulsorily comprise an
uncoupling device 32 (comprising, for example, a clutch
or an idle wheel), which allows to separate the shaft 29
of the electric machine 27 from the shafts 24 of the rotary
fluido-dynamic machines 25 to avoid to rigidly restrain
the electric machine 8 to the electric machine 27; instead
of being inserted between the shaft 29 of the electric ma-
chine 27 and the shafts 24 of the rotary fluido-dynamic
machines 25, the uncoupling device 32 could possibly
be inserted between the shaft 23 of the electric machine
8 and the shafts 24 of the rotary fluido-dynamic machines
25.

[0036] The above-described road vehicle 1 has many
advantages because it is simple and cost-effective to be
implemented, having a double clutch gearbox 10 struc-
turally similar to a standard double clutch gearbox (and
thus it is simple and cost-effective to be implemented
starting from aroad vehicle provided with a standard dou-
ble clutch gearbox). Furthermore, positioning the electric
machine 8 is relatively easy even in an existing vehicle
which is not designed for hybrid traction. In the road ve-
hicle 1, all electric motor and electric generator functions
are carried out by a single electric machine 8. In other
words, the road vehicle 1 has only the electric machine
8 which is able to carry out all functions of electric motor
and electric generator required onboard with an evident
construction simplification.

[0037] Moreover, due to the electric machine 8 being
connected to the rear driving wheels 3 by means of the
transmission ratio of an odd gear, an appropriate odd
gear may be selected each time so as to maintain the
rotating speed of the electric machine 8 in an optimal
range.
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[0038] Finally, the above-described road vehicle 1 has
a high energy efficiency, particularly during regenerative
braking operations by virtue of using at least part of the
kinetic energy of the road vehicle 1 without passing
through an electric conversion. In many circumstances,
the shafts 24 of the fluido-dynamic machines 25 of the
auxiliary services being permanently connected to the
shaft 23 of the electric machine allows to stop the thermal
internal combustion engine 5 and prevent it from being
dragged in rotation.

Claims
1. Road vehicle (1) with hybrid propulsion comprising:

at least a couple of driving wheels (3);

a thermal internal combustion engine (5);

a double clutch gearbox (10) provided with two
primary shafts (15, 16), two clutches (17, 18)
interposed between the thermal internal com-
bustion engine (5) and the primary shafts (15,
16), at least a secondary shaft (19, 20) constant-
ly meshing with the driving wheels (3), and a
plurality of couples of gears (21), each of them
defining a respective speed and comprising a
primary gear mounted on a primary shaft (15,
16) and a secondary gear which is mounted on
the secondary shaft (19, 20) and constantly
meshes with the primary gear;

a first reversible electric machine (8) having a
shaft (23), which is connected to a first primary
shaft (15) of the gearbox (10); and

the road vehicle (1) is characterized by com-
prising a second reversible electric machine (27)
having a shaft (29), which is mechanically con-
nected to a second primary shaft (16) of the
gearbox (10) different from the first primary shaft
(15).

2. Road vehicle (1) according to Claim 1 and compris-
ing a plurality of rotary fluido-dynamic machines (25),
each of them providing for an auxiliary service of the
road vehicle (1) and being provided with a rotary
mounted shaft (24) receiving the movement from the
shaft (23) of the first electric machine (8).

3. Road vehicle (1) according to Claim 2, and compris-
ing a mechanical transmission (31) connecting the
shaft (23) of the first electric machine (8) to the shafts
(24) of the fluido-dynamic machines (25).

4. Road vehicle (1) according to Claim 3, wherein the
mechanical transmission (31) comprises an uncou-
pling device (32), which separates the shaft (23) of
the first electric machine (8) from the shafts (24) of
the fluido-dynamic machines (25).
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5.

6.

10.

Road vehicle (1) according to Claim 2, 3 or 4n, during
the regenerative braking:

the fluido-dynamic machines (25) of the auxiliary
services and the first electric machine (8) are
dragged by the driving wheels (3) making use
of the kinetic energy belonging to the road ve-
hicle (1); and

the braking torque applied to the driving wheels
(3) is given by the sum of the torque absorbed
by the fluido-dynamic machines (25) of the aux-
iliary services for their working and of the torque
absorbed by the first electric machine (8) work-
ing as a generator.

Road vehicle (1) according to Claim 5, wherein, dur-
ing a regenerative braking, the fluido-dynamic ma-
chines (25) of the auxiliary services are controlled
for maximizing the torque absorbed for their working
in so far as the surrounding conditions allow.

Road vehicle (1) according to Claim 6, wherein, dur-
ing a regenerative braking, the braking torque is al-
ways absorbed by the fluido-dynamic machines (25)
of the auxiliary services which are controlled for max-
imizing the torque absorbed for their working in so
far as the surrounding conditions allow and, if nec-
essary, it is also absorbed by the electric machine
working as generator; in this way, the braking torque
requested during a regenerative braking is initially
absorbed by the fluido-dynamic machines (25) and,
only when the capacity of the fluido-dynamic ma-
chines (25) is saturated, it is also absorbed by the
first electric machine (8) working as generator.

Road vehicle (1) according to any one of Claims 1-7,
wherein, during a regenerative braking, the first
clutch (17) interposed between the first primary shaft
(15) and the thermal internal combustion engine (5)
is opened to disconnect the thermal internal com-
bustion engine (5) from the first electric machine (8).

Road vehicle (1) according to any one of Claims 1-8,
wherein the gearbox (10) comprises a box (26) of
the gearbox, inside which the first primary shaft (15),
the secondary shaft (19, 20) and the couples of gears
(21) are housed; the first primary shaft (15) is ex-
tended on the opposite side with regard to the first
clutch (17) in order to come out from the box (26) of
the gearbox to be coupled to the shaft (23) of the
first electric machine (8).

Road vehicle (1) according to any one of Claims 1-9,
wherein, during aregenerative braking, the first elec-
tric machine (8) is connected to the driving wheels
(3), going into a gear associated to the first primary
shaft (15) in order to make the first primary shaft (15)
angularly integral to the secondary shaft (19, 20).
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11. Road vehicle (1) according to any one of Claims
1-10, wherein it is provided a clutch interposed be-
tween the shaft (23) of the first electric machine (8)
and the first primary shaft (15) of the gearbox (10).

10

15

20

25

30

35

40

45

50

55

14



EP 2216 193 A1

2

e

e

N

o ot ot ot
5 :
T L

Rt e S A L b an e oy e

L

et i

s # RSP £ R A b b,
st ORI s,

v,

e

g R &

-

RSN .
2 emmnbi |

w -t T,
L bt (o
45!{\!.( ...\‘\L\;il.ﬂ 2
™ T 3 '
- ; RN i
R =) |
[ [ Y
¥ - = 5
¥ i 1 x
i ¢ % ; 4
; ¥ p
% = N ¢ ...ﬂ __
b e, ok i
. ", i B S etk i
f i % : 4
: \\ _E % t
% m 4 ¥ i
p } 4 o i H
1 1 bl ) i
; Eofon? = 1
. r ¢ L i ]
’ 4 el 3 ;
v r ¥ !
% o |.|_ g
' el ' ; !
1 o N g
y . Trovsmreoement =y I
3 1 2 ‘M
1 § W
* . A !
£ Sod e’ ;
7 _\ T BT w
H H ;
; / §
: 7 i
: ;
4
| -
H e
5 o
e
S

T,
, LY ™,
s

Fig. 1



EP 2216 193 A1

I

I

€l

142

¢ ve Pz
) /(Ulﬂft\\ - ™|
o s
N T i Y e T o
mJ ﬁmﬁ/; ;;;;;;; Lm..ﬂ ._.\—,. T ..—. ._.__o mvm N
| TollTea L
- 9 = Y ez
/ T L 171
e T I7Lll
AT S
mU? m:w\tifzzs,Nf.;;;s_:_;l.w_u.,;e.h $7 "
@N\ 4 //& .

ve

J

10



EP 2216 193 A1

. | et q W
T y ¢
ol M A .
N IA A m
A ~I~I HA
mJ‘ ﬁiV ;;;;;;; ] T11 (T
~ |
_ :ﬁ 9l L nr Gl ==
!
| [ | __ “
—F— ” !
— .Hn e w
T H
"1 | ¥ -7zl 6l _.
c rwi,;,,;,,,.,,.fii-,‘_,wﬂ::k
!
9z he / ¥e

.VNJn PGz
re—\| °%2
ee ||
8 — ¢l
L
- ase
2
BGZ

ve

J

11



EP 2216 193 A1

o ———
\\‘*L\
”"“"\(»

H

f

!

l

i

t

t

i

A

i

!

§

§

i

L

ya
[T .
" 7
LIL (T
oot § Lo L
!
== |
— !
. -H R BN m
T =N
L 2z N irec) eb

vw/zu. Rjer4
A
8 el
174
M, qge
vz~
ecc

12



EP 2216 193 A1

13

\m
¥z
¢ psz
U»)_(I’ P TT 7 Jn
— T \ ”
- 0g
llllllll i
2~ in e\ | %2
bl ey T !
|
) T
—— 8
E SN
m x L
o~ 1 W 45¢
i, |y
e _li\ttisz1!;(;%5131§|l_1xeieL
9z X4 / Lz egz
0l \.




e \ . ] Pe~| psz

EP 2216 193 A1

14

R, | e M
by \w\ “ m 0g
N 4 Rt e .
« AN == A | P 962
Al HA Ve
oy I ITL (% 7h
’ I
‘ :ﬁ EF. rn,_.ﬁ +
1
................................................................................................ | 8
|
6 \ | T ._..ﬂnm. i
U S Ll ] !
e I I N U: ase
e cc A ihas N ! \H
IQ' _!L\ttis.ii!‘Nts{iislill_ixtitL ve
€ 7
!

oz’ le //& esz




EP 2216 193 A1

15

vl
¢ \ ...... ] Pe~| psz
T >l
B A
A 1 Pl oGe
AN : i
e R 1 |
_ ..,£..~..
T/ 1 g
+ 1
i
! L .H
r;mmhh..:iw .m.... g5z
. cc Al i —
Y N R <
mU? \M _/ N
STl 24 / W BGZ
0l \.




EP 2216 193 A1

€l

142

vN/JV.. aG¢e
8
M, qge
vz~
ecc

16



EP 2216 193 A1

L 0oL
m(/vu}ﬂl» ;;;;;; ) _\ WNJ.. DGz
! )
R I s &
A TR L AT T ]| o
R —— T(Ti"F
}
.Hmw % m oz B
J“I Hﬂ ! \ o -
| = LT1
6 \ | T T 1 m
==t . ; 7
£t A M ¥ 2,.&@.% Mﬁ " as
m , el Ot
y e N‘ia;; ;;;;; T 4 ¥ ed
- N
be 12 \| ese
lc \
6¢

17




EP 2216 193 A1

18

L ot
e \ . _\ e | sz
T T g
g e LA e | o
?N OO S T ITIL (T
f ) — {
m lm.,l.. gl l-l - . lwl gl = W ez
M I T L]
| =TT |
I T M < |
S ek SR S / ! qsz
“ ol LY A .NW.M»NN 6l | J
) Y W B I £t
®" oe— N / A
be 1z \| sz
Lz ze |
mm /Fm




9

Europdisches
Patentamt

Eurapean

EP 2216 193 A1

Patent Office

Office européen
des brevets

N

EPO FORM 1503 03.82 (P04C01)

EUROPEAN SEARCH REPORT

Application Number

EP 10 15 2935

DOCUMENTS CONSIDERED TO BE RELEVANT
Category Citation of gfo;:eulrenveanr:(t\n‘;i;zsir;gi::tion, where appropriate, tF;e(l)lez;/i;nt 2;@?%?%3‘“0%%!; THE
X US 2002/088290 Al (BOWEN THOMAS C [US]) 1,8-10 | INV.
11 July 2002 (2002-07-11) B60K6/547
Y * paragraph [0021] - paragraph [0026]; 2,3,5,6 | B6OK6/38
figures 1-3 * B60K6/48
----- B6OW10/30
X DE 10 2005 049992 Al (GETRAG GETRIEBE 1 B6OW10/02
ZAHNRAD [DE]) 26 April 2007 (2007-04-26) B6OW30/18
A * figures 1,3,5 * 9
----- ADD.
X US 2002/189397 Al (SAKAMOTO HIROSHI [JP] |1 F16H3/00
ET AL) 19 December 2002 (2002-12-19) B6OW10/10
* the whole document *
Y EP 1 097 831 A (GEN MOTORS CORP [US]) 2,3,5
9 May 2001 (2001-05-09)
A * paragraphs [0013], [0019], [0025] - 9
[0027]; figure 1 *
Y EP 0 335 086 A (MAN NUTZFAHRZEUGE AG [DE]) (5,6
4 October 1989 (1989-10-04)
* the whole document * TECHNICAL FIELDS
_____ SEARCHED (IPC)
B6OK
B6OW
The present search report has been drawn up for all claims
Place of search Date of completion of the search Examiner
Munich 20 April 2010 Vogt-Schilb, Gérard
CATEGORY OF CITED DOCUMENTS T : theory or principle underlying the invention
E : earlier patent document, but published on, or
X : particularly relevant if taken alone after the filing date
Y : particularly relevant if combined with another D : document cited in the application
document of the same category L : document cited for other reasons
A:technological background e e e
O : non-written disclosure & : member of the same patent family, corresponding
P : intermediate document document

19




EPO FORM P0459

EP 2216 193 A1

ANNEX TO THE EUROPEAN SEARCH REPORT

ON EUROPEAN PATENT APPLICATION NO. EP 10 15 2935

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.

The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

20-04-2010
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2002088290 Al 11-07-2002  NONE
DE 102005049992 Al 26-04-2007  NONE
US 2002189397 Al 19-12-2002  EP 1270301 A2 02-01-2003
EP 1097831 A 09-05-2001 DE 60012658 D1 09-09-2004
DE 60012658 T2 23-12-2004
us 6251042 Bl 26-06-2001
EP 0335086 A 04-10-1989 DE 3810340 Al 05-10-1989

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

20




EP 2 216 193 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European

patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

* US 2005139035 A1 [0005] « DE 102005004207 A1 [0005]
* US 2002033059 A1 [0005] » DE 102006059664 A1 [0005]
* US 2008142283 A1 [0005] e EP 1097831 A2 [0006]

21



	bibliography
	description
	claims
	drawings
	search report

